Anionic effects on the size and shape of apatite crystals grown from physiological solutions.
Comparatively little is known of the role tissue fluid electrolytes have in establishing the size and shape of apatite crystals deposited in skeletal tissues. In vitro accretion experiments using synthetic apatite seed crystals comparable in size to bone apatite were performed to assess the extent to which these crystalline features may be affected by direct electrolyte/mineral interactions. A constant composition method was used to maintain the accretion reactions under physiological-like solution conditions (1.33 mmol/liter Ca(2+), 1.0 mmol/liter total inorganic phosphate, (0 or 26) mmol/liter carbonate, 270 mmol/kg osmolality, pH 7.4, 37 degrees C). When the mass of the new accretions equaled the initial seed mass, the solids were harvested and the net change in crystal size resulting from the new accretions was assessed by X-ray diffraction line-broadening analysis. All the electrolytes examined in this study inhibited the accretion rate. The order of effectiveness was phosvitin > polyaspartate approximately polyglutamate > 1-hydroxyethylidene-1,1-bisphosphonate (HEBP) > bovine serum albumin (BSA) > citrate. Citrate and BSA also reduced the mean crystal size of the harvested solids compared with those harvested in the absence of added electrolyte, a finding that suggests that citrate and BSA suppressed growth of the seed crystals in favor of the proliferation of new smaller crystals. In contrast, a net increase in size following accretion compared with controls suggests that the other more strongly inhibiting electrolytes stimulated growth of the primary seed crystals and/or of the secondary crystals. These size changes, however, were anisotropic, with the anions effecting primarily increases in crystal width/thickness rather than in length. The effects were also more pronounced in the presence of carbonate. Our findings suggest that the strength of the interaction with the crystal surface may be relatively more important than molecular size or conformational complexity in establishing the effect that electrolytes have on apatite growth and proliferation. The results also suggest that adsorbed electrolytes may be a significant factor in controlling the size of apatite crystals in skeletal tissues by inducing proliferation of new crystals and/or affecting crystal shape by selectively modifying growth of the lateral dimensions.